The Mg il h and k emission cores have been observed in a sample of 47 cool giants using the International Ultraviolet Explorer. It is found that, in a statistical sense, the longward emission peak becomes dominant above a certain locus in the H-R diagram. This locus lies close to a "temperature dividing line" reported by Linsky and Haisch. Combining our results with calcium emission data and with circumstellar shell data, we discuss the evolutionary implications for the "supersonic transition locus" proposed earlier by one of us.
I. INTRODUCTION
It has been proposed (Mullan 1978; hereafter MSTL) that when the sonic point of a stellar wind lies sufficiently close to the base of the corona, chromospheric gas might begin to participate in the wind expansion. It was proposed that this might contribute to enhanced mass-loss rates, although the energetics were not explicitly discussed.
In MSTL, a semiempirical method was used to derive a "supersonic transition locus" (STL) in the H-R diagram along which chromospheric mass loss was expected to set in. In the derivation, we relied partly on the minimum flux corona (MFC) concept developed by Hearn (1975) . However, it is important to note that the location of the STL is rather insensitive to the MFC assumption (see MSTL, especially the Note added in proof). Instead, the shape and location of the STL are determined mainly by the topology of the evolutionary tracks of stars and by chromospheric gas pressures. The steepness of the red-giant branch of the evolutionary tracks leads to a quasi-vertical portion of the STL at late spectral types, while evolution at almost constant luminosity during the approach to the redgiant branch leads to a quasi-horizontal portion at earlier spectral types.
The theoretical STL was found to lie close to two observational boundaries in the H-R diagram, one pertaining to the appearance of circumstellar shells (Reimers 1977) , the other to the onset of reddominated asymmetry in the double-peaked emission reversal in the Ca K line . (For further data on asymmetries in the Ca K emission, see the 1 Guest Observer, International Ultraviolet Explorer. 2 NAS-NRC Postdoctoral Research Associate. extensive work of .) These coincidences encouraged us to look for further tests of the STL hypothesis.
In stars of solar type, the Ca K emission core is formed at a level which is several scale heights below the top of the chromosphere. Hence, coronal mass loss must become rather strong if its effects are to be observationally detectable at such deep levels, where the density is some 100 times larger than at the top of the chromosphere. Expansion effects should be more readily detectable in lines which are formed nearer to the top of the chromosphere than the Ca K core. The Mg h and k emission cores are such lines (see Vernazza, Arrett, and Loeser 1973; Ayres and Linsky 1976) .
The purpose of the present work is to search for the onset of expansion in the Mg h and k emission cores. According to the STL hypotheiss, mass loss which is strong enough to create an expansion signature in a line which is formed at low levels in the chromosphere (such as Ca K) should certainly create expansion signatures in lines which are formed higher up (such as Mg ^ or La); however, the converse is not necessarily true. The Mg h and k cores provide us with a more sensitive probe of the penetration of coronal expansion into the chromosphere.
II. ASYMMETRIES IN EMISSION CORES
The parameter under investigation in the present work is the asymmetry of the doubly peaked Mg n emission cores. As the primary quantitative measure of this asymmetry, we determined the ratio of the intensities of the shortward and longward peaks, f(k 2 -)lf(k2+) (see Table 2 below). (In the notation of , this is analogous to the V/R ratio of the Ca peaks.) The precise origin of such an asymmetry in a stellar spectrum needs clarification, as several plausible, but nonunique, interpretations already exist. For example, Hummer and Rybicki (1968) showed that asymmetry can result from differential motions in the atmosphere. Since the central absorption dip is formed higher in the atmosphere than the emission peaks, an outflow in which the gas was accelerating upward would lead to a blueshift in the wavelength of the central reversal relative to the wavelengths of the emission peaks : this would reduce the flux of the blueward emission,/(^2-) 5 relative to f(k2+). And downdrafts in bright emission features (such as a supergranule network) could produce the opposite sense of asymmetry. Enhanced f(k 2 -) can be obtained either with an upward motion of the layers in which the emission peaks are formed, or a downward motion of the layers where the central absorption is formed (Athay 1970«, 6; Cram 1972) . Alternatively, the asymmetries may be produced by progressive acoustic pulses moving upward through the chromosphere (Cram 1974; Heasley 1975 ; Cram, Brown, and Beckers 1977) : the various kinds of K-line profiles observed in the quiet .Sun can be explained in terms of a spectrum of pulses with different wavelengths and initial amplia tudes in the photosphere (Heasley 1975) . In this discussion, it must be kept in mind that when strong velocity gradients are present in an atmosphere, the overall line shift in the emergent spectrum represents an average over a finite range of altitudes (Athay 19706) . As a result, it is unlikely that a particular observed asymmetry can be related quantitatively to a unique velocity field. Nevertheless, as long as this limitation is kept in mind, it seems to be at least qualitatively valid to interpret an observed line shift as a diagnostic of the velocity field (Cram, Brown, and Beckers 1977) , particularly if a height discriminant can be used, such as observing in two lines formed at different altitudes (Cram 1974) .
In order to choose between the various possible alternative interpretations of the asymmetry in the present context, we consider it highly significant that the region in the H-R diagram where the Ca K asymmetry changes sense from blue-dominated to reddominated lies close to the location of circumstellar shell onset (Reimers 1977) . This suggests that the red-dominated Ca emission is in fact related to significantly enhanced mass outflow. In a certain sense, we are here following Cram's (1974) recommendation of using a height discriminant : we assume that Stencel's data are sensitive to physical conditions near the stellar surface, whereas Reimers's data are sensitive to conditions at altitudes of several stellar radii. On this basis, we adopt the Hummer-Rybicki (1968) interpretation of the observed asymmetries as a working hypothesis, and in a qualitative sense, we ascribe the onset of red-dominated Ca emission to the onset of mass loss in the chromosphere. Although a quantitative interpretation of the asymmetry data would eventually be desirable, the preceding discussion suggests Vol. 238 that a quantitative analysis might suffer from a high degree of nonuniqueness at the present time.
The Hummer-Rybicki (1968) interpretation of asymmetries was also adopted by Dupree (1976) in a discussion of La and Mg n profiles obtained by Copernicus for a small sample of late-type stars. A discussion of asymmetries in the Mg n emission line was also given by Weiler and Oegerle (1979) using Copernicus data for a larger sample of late-type stars. In these Copernicus studies, estimates of the asymmetry ratio, /(&2-)//(£ 2 +) 5 were subject to large uncertainties because of low spectral resolution and poor photon statistics. The aim of the present study is to utilize the high resolving power and the high quantum efficiency of the IUE satellite to measure the Mg asymmetry ratio with greater accuracy than has been done in the past. The advantage of the IUE for Mg line studies has been demonstrated by Basri and Linsky (1979) , who observed a subset of the stars which are covered in our survey.
Recently, Linsky and Haisch (1979, hereafter LH) have reported a rather abrupt temperature dividing line (TDL) in the H-R diagram. On one side of this line, gas which is as hot as several times 10 5 K is detectable; on the other side, gas hotter than 2 x 10 4 is not seen. LH remark that their TDL is sufficiently close to the predicted STL to suggest that there is a physical connection between the temperature effects which they detect and the velocity effects expected along the STL. Here we wish to examine how closely the TDL agrees with the onset of expansion in the Mg h and k cores. Basri and Linsky (1979) admit that their sample of stars for which they obtained Mg asymmetry data is too small to examine this question satisfactorily.
III. OBSERVATIONS
High-resolution spectra with the long-wavelength spectrograph on board the International Ultraviolet Explorer, were obtained during the intervals 1979 April 30-May 2 and June 6-8 for 47 stars of early G through M spectral type, including subgiants, giants, and supergiants. These spectra cover the 1850-3200 Â region with an average resolution of 0.25 Â and generally excellent signal-to-noise ratio. The design and in-flight performance of the IUE has been described by Boggess et al. (1978) .
The stars observed are listed in Table 1 , along with their spectral types, LWR image numbers, exposure time, and peak Mg n emission-line flux (ergs cm -2 Â -1 ). These fluxes are based on the calibration of Basri and Linsky (1979) and should be considered as very preliminary. Individual profiles (in which fluxes are obtained by a more refined calibration program) will be published later. The wavelength resolution is sufficiently high that in all of the stars in the sample (except possibly one, ß Hyi), the shortward and longward emission peaks of the Mg emission cones are well resolved, and the ratio of the intensities of the two peaks can be determined without difficulty. 4.1 (-11) 2.1 (-10): 2.4 (-10) 9.7 (-11) 6.4 (-10) 10) (-10) 2.1 (-10) 3.1 (-10) 6.7 (-10) 9.2 (-10) 1.8 (-10): 4.4 (-11) L3 (-11):
11) (-11) 8.2 (-11): 1.3 ( -10) 4.3 (-10) 1.4 (-10): 3.6 (-11): 6.9 (-10) 1.4 (-10) 8.3 (-11) 9.9 (-11) 4.8 (-10) 1.4 (-9) 2.2 (-10) 2.8 (-10) 1.9 (-10) 1.1 (-10) 1.4 (-10): 1.2 (-10) 7.5 (-10) 1.8 (-10) 3.1 (-10) 2.7 (-10) 2.4 (-10) 5.0 (-10) 2.0 (-11): 2.0 (-10) 2.2 (-10) 5.3 (-11) 1.5 (-10) 5.4 (-11) 2.2 (-10) 9.6 (-11) For the present study, spectral classifications (leading to M v ) and V -R photometric colors are critically important. We observed mainly MK standards as listed by Morgan and Keenan (1973) , Keenan and MacNeil (1976) , and Houk and Cowley (1974) . Photometric values were taken from the catalog by Johnson et al. (1966) . This served as a consistent source, despite the mean error 'mV -R for cool stars which we found to be as large as 0.06 mag. For the southern stars not listed in that compilation, an interpolation based on spectral type and UBV colors was made -Asymmetry in emission peaks in the Ca K line. V/R denotes the ratio of intensity of violet peak to red peak. The ordinate is absolute magnitude based on K emission width. The dashed line is our estimate of the locus along which V/R changes from > 1 to < 1. the star 56 Peg, KO Ibp, where AM V = -3.1 : the detailed profiles of the Ca n and Mg n resonance lines in this star are unlike most K supergiants. This remarkable UV spectrum will be discussed elsewhere (Basri, Stencel, and Linsky 1980) . The primary data from the present investigation are ratios of intensities of shortward to longward emission peaks in the emission cores of the Mg n h and k lines. We have averaged the values of this ratio for h and k lines for each star in our sample. The average value of the asymmetry ratio is denoted by f(k 2 -)lf(k 2+ ) in Table 2 . Analogous ratios for the intensities of the blueward-and redward-shifted emission cores in the Ca il K line have been given by Wilson (1976) . In the notation of , these Ca intensity ratios are referred to as the V/R ratio. These data are also listed Fig. 2. -Asymmetry in emission peaks in the Mg h-and A>lines. S/L denotes ratio of intensity of shortward peak to longward peak. The ordinate is absolute magnitude based on k emission width. The dashed line is our estimate of the locus along which S/L changes from >1 to <1.
in Table 2 . Additional data from other sources are provided in Table 3 .
A previous study of changes in the Ca n V/R ratio ) detected a statistical transition from V dominance to R dominance among early K giants. The histogram information presented in that paper is represented in a different form in Figure 1 to provide a direct comparison with the Mg n results in Figure 2 . At M v « 0 mag the Ca n data show a clear asymmetry transition along a roughly vertical locus at V -R & 0.95-1.0. There is also some suggestion that the dividing line becomes quasi-horizontal at earlier spectral types, separating giants and supergiants of G and early K type. The Mg n data in Figure 2 are less statistically complete, but again suggest that an asymmetry transition occurs in the same sense as in the Ca n data. Here, however, the vertical portion of the transition locus lies definitely at earlier spectral types, certainly no redder than V -R & 0.86. And again, there is a suggestion that the transition line is quasihorizontal at earlier spectral types. A conclusion which is related to this result was also noted by Dupree (1976) on the basis of a small sample of stars. Further observational efforts will clarify the statistical significance of this Mg ii transition. The transition locus drawn in Figure 2 is inevitably somewhat subjective, but the blueward shift relative to the Ca transition is significant.
In both figures, two factors should be kept in mind : (1) the appreciable uncertainties in M v (0.5 mag) and especially in V -R (0.05 mag); (2) the possibility of temporal variations in the asymmetry, particularly near the transition lines, as has been noted for the Ca K line in Arcturus by Chiu et al. (1977) . The investigation of temporal asymmetry variations is beyond the scope of the present report. the Mg il and Ca ii asymmetry transition to outflow as described in this paper; and TDL-the temperature dividing line found by LH. Very recent observations by K. R. Nicolas and J. H. Cook (1979, private communication) have not found exceptions to the conclusions of LH. For the sake of completeness, we might also have added to Figure 3 the locus along which reddominated La sets in (Dupree 1976 ). This locus is at mid-to late-G types among the giants, i.e., not far removed from the Mg n asymmetry transition. However, the sample discussed by Dupree is small (about five stars), and so the La asymmetry locus is not well defined at the present time. As Dupree has stressed, asymmetry data for La would have the advantage of probing the atmospheric velocity field at an even higher altitude than is possible with the Mg n data. It would therefore clearly be advantageous to extend the La asymmetry data set to include a larger number of stars. Unfortunately, not even the improved performance of IUE relative to its predecessors is sufficient to make it feasible to obtain a large set of such data in late-type stars. Furthermore, interstellar absorption in interstellar clouds with nonzero radial velocities relative to the star, as well as geocoronal contamination, may pose serious obstacles to evaluating the asymmetry quantitatively. We have therefore not attempted this in the present work.
IV. DISCUSSION a) Evolutionary Implications
We have used Mg h and k emission cores to determine the location of a velocity dividing line (VDL) in the H-R diagram (see Fig. 3 ). Above the VDL (and to the right of it), the Mg cores are, in a statistical sense, red-dominated. A similar VDL had been derived by from Ca K data. Although the general shapes of the two VDL's agree, the VDL for Mg lies definitely blueward of the VDL for Ca in the H-R diagram. All of the stars in our sample which show red dominance in the Ca K data also show long-ward dominance in the Mg data: no exception to this rule has yet been found, and we regard this as an important consistency check on the STL hypothesis. A similar check (vis-a-vis La and Mg n) has been remarked upon by Dupree (1976) in a sample of three stars, although that discussion predated the STL hypothesis.
Both VDLs show an essential characteristic of the theoretically predicted STL : quasi-vertical among the giants, and quasi-horizontal among the supergiants. We interpret our results to indicate that along the VDL, coronal expansion is strong enough to penetrate down to the level in the chromosphere where Mg h and k emission cores are formed. We ascribe this behavior to evolution across the STL.
It was pointed out above that the location of the STL is determined mainly by the topology of stellar evolutionary tracks. Now, when stars evolve through this part of the H-R diagram for the first time, they are moving redward. The STL hypothesis predicts that coronal expansion should appear at an earlier evolutionary stage at the level of Mg h line formation than it appears at the (deeper) level of Ca K formation. This is consistent with our finding that the VDL for Ca lies redward of the VDL for Mg. For a similar reason, the locus along which circumstellar shells become visible must lie even further redward : as was pointed out in MSTL, a finite time is required subsequent to the onset of rapid mass loss before enough material can accumulate to create a shell of detectable optical thickness. This is consistent with the redward displacement of the CS line in Figure 3 relative to the VDLs.
The location which we have determined for the Mg transition locus in the H-R diagram lies blueward of the theoretical prediction given in MSTL. In the latter paper, two theoretical locations of the STL were given, depending on the choice of the pressure parameter A at the base of the corona (A = 0.5 and 0.8). Higher pressure at the base of the corona corresponds to a blueward shift in the calculated position of the STL. Thus, if we were to use A = 0, corresponding to zero pressure difference between the top of the chromosphere and the base of the corona (which is physically the most likely case), then the theoretical position of the STL would be in better agreement with the position derived here from the Mg data. Or, if the chromospheric pressures derived by Kelch et al. (1978) turn out to be underestimates of the true values, then the theoretical STL would also shift blueward. In fact, Bahúnas et al (1979) have argued that the pressures at the tops of the chromospheres of two active chromosphere stars in the sample of Kelch et al. (1978) may be too low by significant amounts : perhaps by as much as one or two orders of magnitude. The comments of Bahúnas et al. (1979) do not refer explicitly to the remaining six stars in the sample of Kelch et al. (1978) , but obviously accurate determinations of the coronal base pressures in these stars are desirable if the STL is to be located with improved precision.
And even if these base pressures become available, another uncertainty in calculating the STL involves the choice of evolutionary tracks. The location of these tracks as the stars ascend the red giant branch is sensitive to the efficiency of convective heat transfer in the extended outer envelopes of these stars. The parameter which conventionally is used to measure the convective efficiency is the mixing length, or more commonly, the ratio a between this length and the local pressure scale height. In calculating the STL, Mullan (1978) referred mainly to stellar models which had been computed using a = 1. Tracks had been computed by P. J. Hejlesen (1977, private communication) based on a choice a = 2.0, and when we used these the STL was found to lie about four spectral subclasses to the blue (see Fig. 3 of MSTL) . Now, recent work in solar "seismology" has suggested that the best choice of a in the solar envelope is larger than had been previously believed : the best value may be as high as a No. 1, 1980 = 3 (Ulrich and Rhodes, Ulrich, and Simon 1977) . It may therefore be more appropriate to use a larger value of a in stellar evolutionary calculations. It this is so, then this will also contribute to shifting the theoretical STL to the blue of the originally calculated position, thereby bringing it into better agreement with the Mg transition line determined here.
b) Abruptness of the Transition
A striking feature of the Mg asymmetry is the sharpness of the transition from blue-dominated emission cores to red-dominated cores. For example, Weiler and Oegerle (1979) reported, on the basis of Copernicus data, that two stars of identical spectral class (a Tue and 51 And, both K3 III) had dramatically different Mg AE-line profiles. The profile in a Tue was red-dominated, while in 51 And, they reported a symmetric profile. Our data for these two stars indicate that a Tue is indeed red-dominated, but so also is 51 And. However, the asymmetry is much less pronounced in 51 And than in a Tue (see Table 2 ), and we therefore confirm the conclusion of Weiler and Oegerle (1979) that chromospheric velocity conditions in these two stars are very different from each other, despite the great similarity in the photospheric conditions. Weiler and Oegerle also reported a similar phenomenon in the case of two early G supergiants. Other examples are evident in Table 2 among both subgiants and giants. Thus y Aps and rj Cep are both K0 subgiants, with V -R colors differing by only 0.01 mag, and yet one shows pronounced blue asymmetry, while the other shows pronounced red asymmetry. Similar remarks apply to the K2 giants a Ser and ij/ UMa. We interpret these results within the context of the STL hypothesis to indicate that the STL passes close to spectral type K0 among the subgiants, K2-K3 among the giants, and early G among the supergiants.
A sharp transition also characterizes the separation between stars in which circumstellar shells are permanently present and stars in which such shells are never detectable (Reimers 1977) . The transition from one group of stars to the other in Reimers's sample occupies only about 0.5 mag at a given spectral type (Mullan 1978) : this width is comparable to the uncertainty in the determination of the absolute magnitude, and so the true width of the transition may be even less. At a given spectral type, a change of 0.5 mag corresponds to a change of only 25% in stellar radius. In comparison with the changes in stellar radius which occur in the course of evolution from the main sequence to the time of the helium flash (factors of order 100 or more), the onset of circumstellar shells is remarkably sharp.
Sharpness is also characteristic of the temperature dividing line reported by Linsky and Haisch (1979) : two stars which are separated by only 0.03 mag in V -R color lie on opposite sides of the temperature dividing line.
In connection with a sharp transition, we point out 227 that within the STL hypothesis, the abruptness in the transition from one type of stellar chromosphere to another is theoretically ascribed to the abruptness in density jump between the top of the chromosphere and the base of the corona. The latter abruptness is related physically to a thermal instability associated with hydrogen ionization, and should therefore be a rather common feature in the atmospheres of normal stars. It might be argued that the ordering of the various transition curves in Figure 3 is simply due to a gradually increasing rate of mass loss toward the upper right-hand corner of the H-R diagram, and that optical depth effects lead to detectability in the strongest lines first. Two results can be proposed which argue against this hypothesis. First, the sharpness of the various transitions is remarkable. Second, in Arcturus, it is known that although the Mg n &-line is always reddominated (McClintock et al. 1978) , the Ca ii K line shows red-dominance only at certain times : at other times mass-loss rates at the level of formation of the Ca ii K line are too small to be detectable (Chiu et al. 1977) . If the differences between Mg and Ca were solely due to optical depth effects, then the transient massloss events which appear in Ca K should be highly correlated with transient events in Mg K. However, events of the latter type have not been reported. On the other hand, according to the STL viewpoint, transient events in Ca K occur only when the sonic point sinks sufficiently low in the atmosphere to reach the level of Ca K formation, whereas the Mg level of formation always lies above the sonic point. As a result, fluctuations in Ca K can occur with essentially no alteration in Mg k profiles. c) Related Work Dupree (1976) has reported Mg n asymmetry data for a sample of stars using Copernicus. Her conclusions are consistent with our determination of the asymmetry transition locus. It would be an important contribution to the present problem if Dupree's discussion of La asymmetries could be extended to a larger sample of stars.
Weiler and Oegerle (1979) have reported Mg /c-line results in a sample of 49 stars observed by Copernicus. Although their data are noisier (and of lower wavelength resolution) than ours, they find red-dominated emission in all stars in their sample with spectral types K5 and later. Red-dominance is present in some stars a early as K2, but never in F and G stars. We have already noted the conclusions of Weiler and Oegerle pertaining to the abruptness of the asymmetry transition.
Our VDL for Mg agrees within the observational error bars with the TDL reported by LH. However, our more extensive data suggest that the dividing line does not consist of a single straight-line segment (as LH suggest); rather, the dividing line appears to be quasi-vertical among the giants and quasi-horizontal among the supergiants. The close correlation between the temperature and velocity dividing lines supports the conclusion of LH that there is a close physical connection between the onset of cool coronae and the onset of expansion in chromospheric lines. The coexistence of cool winds and rapid mass loss poses a challenging problem to theorists.
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